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157] ABSTRACT

A switching module having a plurality of switching
channels responsive to a microcontroller for coupling
electrical power to a load, and decoupling electrical
power in the event an undesired operating condition is
sensed. Each switching channel includes a switching
transistor and transistor driver. Monitoring circuitry
senses the actual voltage drop across the load to pro-
vide the controller with an indication of undesired oper-
ation. A limiting resistor limits the transistor drive such
that the transistor is forced out of satuaration during a
high power condition, thereby avoiding undesired
power dissipation which would otherwise occur it oper-
ation in the saturated condition continued.

21 Claims, 2 Drawing Sheets
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CIRCUIT FOR PREVENTION OF UNDESIRED
OPERATION IN MULTIPLE POWER DRIVERS

BACKGROUND OF THE INVENTION

This invention relates generally to protection circuits
for electronic circuitry.

An electronic switching module includes a plurality
of switching channels actuated by a controller or elec-
tronic processor. Each of the switching channels in-
cludes a power driver or switching transistor for cou-
pling and decoupling electrical power to a load or ac-
cessories. The switching module is often located in a
host module wherein other electronics, such as a mi-
crocomputer, are located. In automobile applications in
particular, failures in either the switching module, host
module, or accessory cannot be tolerated.

Protection circuits are known for protecting against
overload or short conditions by detecting either exces-
sive voltage drops across the switching transistor or
measuring excessive current through a switching tran-
sistor. Both forms of detection occur when either the
overload or the short forces the switching transistor out
of saturation. A separate protection circuit is required
for each switching transister. In response to the detec-
tion, the switching transistor is shut off. Examples of
devices of this type are disclosed in U.S. Pat. Nos.
3,578,983; 3,591,832; 3,599,042; and 4,158,866.

The inventors herein have recognized numerous dis-
advantages of the prior approaches. In automobile ap-
plications, in particular, more than short circuit or over-
load protection is needed. Any degradation in the per-
formance of either the switching module or the host
module should be avoided. For example, considering
the high density packaging and environment of these
modules, unusual heat dissipation of the switching tran-
sistor may result in massive module failures. Thus, short
circuit or overload protection as described above with
respect to the prior approaches is not adequate. Further,
application of low voltages to some automobile accesso-
ries, such as solenoids, may either fail to actuate the
accessory or damage the accessory.

An additional disadvantage of the prior approaches is
that a separate protection circuit is required for each
switching transistor. The number of additional compo-
nents and interconnections required to protect a plural-
ity of switching transistors is therefore prohibitive in a
module having a high density of electronic components.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
switching module having protection from low output

voltage conditions and high temperature operation, in-

addition to protection from short circuits and over-
loads. |

The above and other objects are achieved and the
above problems and disadvantages overcome by pro-
viding a switching module having a plurality of switch-
ing channels, each switching electrical power to a load
and deactuating the electrical power in the event that
the voltage drop across the load is below a preselected
level. In one particular embodiment in which the inven-
tion is used to advantage, the switching module com-
prises: controller means having a separate output port
coupled to each of the channels for providing a control
signal to actuate the load and for deactuating the con-
trol signal in response to a low voltage indicator signal;
switching means in each of the switching channels re-
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sponsive to the control signal for switching electrical
power to the load, the switching means comprising a
switching transistor having a control electrode coupled
to the output port, a first output electrode coupled to a
voltage reference, and a second output electrode cou-
pled to the load; driver means in each of the switching
channels coupled between the output port and the con-
trol electrode for providing a drive signal in response to
the control signal; limiting means in each of the switch-
ing channels coupled between the control electrode and
the driver means for limiting the drive signal to force
the switching transistor out of saturation at a predeter-
mined output power of the switching transistor; and
level sensing means coupled to each of the second out-
put electrodes for providing the low voltage indicator
signal when the voltage drop across the load is less than
the preselected level. |

By sensing the voltage drop directly across the load,
and establishing the preselected voltage level accord-
ingly, low voltage conditions which may be insufficient
to actuate some loads, such as solenoids, are avoided.
An advantage i1s thereby obtained of preventing the
application of a low voltage to an accessory which may
either damage the accessory or not be sufficient to actu-
ate the accessory.

Another advantage 1s that the switching transistor is
prevented from operating at an undesired output power
level which might otherwise cause excessive heat to
build up in the switching module thereby damaging
components within the switching module and also the
host module. Thus, the shortcomings of prior ap-
proaches are overcome wherein a short circuit or over-
load of the accessory was required to force the switch-
ing transistor out of saturation. Stated another way, in
prior approaches the switching transistor was free to
operate at an undesired high output power while in the
saturated condition. This disadvantage is overcome by
limiting the drive signal to force the switching transistor
out of saturation at a predetermined output power.

Still another advantage of the invention is that only a
single level sensing means is required for a plurality of
switching channels thereby eliminating much of the
additional components and interconnections of prior
approaches.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an electrical schematic of an embodiment in
which invention is used to advantage.

FIG. 2 is an electrical schematic of a portion of the
electrical schematic shown in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In general terms, with reference to FIG. 1, an electn-
cal schematic of switching module 10 is shown having a
microcontroller 12 for actuating and deactuating a plu-
rality of automobile accessories or component devices,
inductive loads 14a and 144 1n this example, via respec-
tive switching channels 16a and 165. As described in
greater detail hereinafter, sensing circuitry 18, in coop-

- eration with switching channels 16a or 1654, senses unde-

65

sired operating conditions in either switching module
10, load 14a or load 144.

The particular embodiment described herein relates
to a usage wherein loads 14a and 14H, or any other
plurality of loads monitored by sensing circuitry 18, are
not concurrently on. For example, in the case of a
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switching module used in conjunction with an automo-
bile’s computer controlied suspension, loads 142 and
140 may be representative of opposing pairs of air
spring solenoid valves which are not on at the same
time. In a further example relating to a computer con-

trolled suspension, loads 14¢ and 146 may respectively
be representative of soft ride and harsh ride air shock

valves which have opposing operating states.

During normal operation, microcontroller 12 pro-
vides a control signal on either output port 20a or 204
for coupling voltage reference (Vzer) to loads 14a or
14b, respectively. A predetermined time delay after
either load is actuated, controller 12 monitors sensing
circuit 18 at input port 22. In the event that an undesired
operating condition associated with a particular load or
respective switching channel is detected, controller 12
deactuates that switching channel and, accordingly, the
respective load 1s decoupled from V ggr. A restart cycle
is then initiated after another predetermined time delay
in the event that the undesired operating condition was
erroneous, such as may occur due to electrical noise.
More specifically, controller 12 reactivates the same
channel and again monitors sensing circuitry 18. If the
same Indication persists, after a predetermined number
of restarts, that channel 1s prohibited from further actu-
ation and a fault indication is stored in microcontroller
12 for diagnostic and repair procedures to be Performed
by a technician.

A more detailed description of switching module 10
1s now provided. High side power switch, PNP switch-
ing transistor 26a in this example, is shown having an
emitter electrode connected to a voltage reference
(VREF), preferably battery voltage, and a collector
terminal connected to load 14, a solenoid coil in this
example. Load 14a is shown connected in series be-
tween the collector terminal of switching transistor 26a
and a voltage return, preferably ground. Resistor 36a,
shown coupled between the collector terminal of
switching transistor 26a and output terminal 384, forms
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part of a voltage divider with resistor 40 of sensing 40

circuitry 18 for reasons described hereinafter.

Darlington transistor 28a, shown as a NPN transistor
having an emitter electrode coupled to the voltage
return and collector electrode coupled to the base of
switching transistor 26a through limiting resistor 30g,
provides base drive to switching transistor 26a. Resistor
32a 1s shown coupled between Vggrand the base termi-
nal of switching transistor 26a for providing noise im-
munity during the off state of switching transistor 26a.

Microcontroller 12 provides a logic 1 signal, prefera-
bly a positive voltage, at output port 202 when other
electronic control circuitry (not shown), or operator
command, determines that Vggris to be applied to load
14a. Resistors 32z and 34a¢ form a voltage divider be-
tween output port 20z and the base of Darlington tran-
sistor 28a for providing proper voltage biasing and
noise immunity.

During normal operation, a positive output voltage
from output port 20 turns on Darlington transistor 28a
thereby providing base drive to switching transistor 26a
through limiting resistor 30a. Switching transistor 26a
then turns on in the saturated region providing a low
emitter-collector or internal impedence. With switching
transistor 26a operating in the saturated region, substan-
tially all of Vrgris applied across load 14a.

Reference 1s now made to switching channel 165
wherein like numerals refer to like parts of switching
channel 16a. Switching channel 165 is shown coupled
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between output port 206 of microcontrolier 12 and load
145 for switching V grer to load 14H. The structure and
circuit operation of switching channel 165 is the same as
described with reference to switching channel 16aq. If is
to be noted that the invention described herein may be

practiced with any number of switching channels even
though two are described in the example presented

herein for convenience of illustration.

With reference to sensing circuit 18, resistor 40 is
shown connected in series between node 42 and the
voltage return. As described further hereinafter, resis-
tor 40 1s the second resistor of a voltage divider. The
first resistor of the voltage divider is either resistor 364
or resistor 360 of respective switching channels 16z and
166 dependent upon which of the switching channels is
actuated. Node 42 is shown connected to both resistors
36a and 36b of respective switching channels 16g and
166 via respective terminals 38a and 38b.

Transistor 44, a low voltage NPN transistor in this
example, 1s shown having its base electrode connected
to node 42, its emtitter electrode connected to the volt-
age return, and its collector electrode connected to
second voltage reference (V3) via resistor 48. Capacitor
52 is shown connected between the emitter and collec-
tor electrodes of transistor 44 for noise immunity. The
collector of transistor 44 is also shown connected to
input port 22 of microcontroller 12 for providing an
indication of whether or not the switching channels and
loads are operating in a desired manner, as described in
greater detail hereinbelow.

Referring now to FIG. 2, an electrical schematic is
shown to illustrate operation herein during a condition
wherein transistor 26a i1s in the on state and transistor
260 is in the off state. In this example, resistors 362 and
40 form respective first and second resistors of a resis-
tive voltage divider for dividing the voltage drop (V1q)
across load 14a. It is to be noted that although the sec-
ond resistor of the voltage divider 1s actually the paral-
lel combination of resistor 40 with resistor 366 and load
14H, the impedence values may be such that substan-
tially all of the impedence of the second voltage divider
resistor 1s attributed to resistor 40. In the example pres-
ented herein, the impedence of load 14H is negligible,
and the ratio of resistor 36a to resistor 40 is approxi-
mately 10:1. Thus, the resistive values of the voltage
divider are essentially defined by resistors 36¢ and 40.

As determined by the voltage divider, the voltage
drop (V) across resistor 40 1s proportional to the volt-
age drop across load 14a (V). The values of the volt-
age divider, and 8 of transistor 44, are chosen such that
transistor 44 will furn on at a preselected value of Vj
and, accordingly, a preselected value of Vy,. When
transistor 44 turns on, the voltage return or logic O
signal 1s applied to input port 22 of microcontroller 12
through the collector-emitter junction of transistor 44.
In the event that V;is less than the preselected value,
that 1s, when Vi, is too low, transistor 44 remains off
and a logic 1 or high voltage is applied to input port 22.

In operation, microcontroller 12 turns on a switching
channel and samples input port 22 a predetermined time
delay afterwards. When a logic O is present, normal
operating conditions are indicated and no further action
1s required. On the other hand, when a logic 1 is present,
a low voltage across the load or undesired operation is
indicated. Microcontroller 12 then deactuates that
switching channel and initiates a restart after a predeter-
mined time delay, as previously discussed.
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In general, undesired operations of the switching
channels or loads are indicated when the voltage drop
across a particular load (V1,) is less than a desired or

preselected value. One example of an undesired opera-

tion is when a fault, such as wiring, battery or a faulty

switching channel, results in a low voltage output. In

this case, the affected load is deactuated through opera-
tion of microcontroller 12 to prevent damage to the
load. For example, in a case wherein the load is an
- electric motor, the application of a low voltage would
otherwise damage the motor.

Another example of an undesired operation is when
sufficient emitter-collector current passes through the
switching transistor to thermally damage either switch-
ing module 10 or the host module (not shown) having
switching module 10 mounted therein. The invention
herein prevents thermal damage as follows. Limiting
resistor 30a is selected to limit the base drive to switch-
ing transistor 26a such that, when a preselected emitter-
collector current is exceeded, switching transistor 26a is
forced out of saturated operation. The internal imped-
ence of switching transistor 26a is thereby dramatically
increased, resulting in a decreased voltage drop across
load 14a. As previously describe herein, sensing cir-
cuitry 18 then provides microcontroller 12 with an
indication of undesired operation. Thus, unlike prior
approaches, the switching transistors are not free to
operate over the entire saturated region. Dependent
upon desired thermal conditions, a switching transistor
is prohibited from conducting over a portion of the

saturated region to prevent the dissipation of an unde-

sired amount of heat.
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Still another example of undesired operation occurs

during shorted load or overload conditions. Again,
referring to switching transistor 26a, limiting resistor
30q limits the base drive to transistor 26a thereby forc-
ing the transistor out of saturated operation when the
emitter-collector current exceeds a preselected value.
Sensing circuitry 18 then provides an indication of un-
desired operation to microcontroller 12, as previously
described. An additional advantage in forcing the
switching transistor out of saturation, rather than wait-
ing for the overload to pull it out of saturation, 1s that
faster response time is achieved thereby avoiding elec-
trical damage to the switching transistor.

A self test mode 1s now described wherein the inven-
tion may be used to advantage. The self test mode 1s
particularly useful in embodiments wherein the switch-
ing channels are concurrently actuated. During the self
test mode, microcontroller 12 sequentially actuates each
of the loads for a predetermined time. This predeter-
mined time, or actuation period, is made sufficiently
short such that the actuated accessory does not become
~ fully operational. A predetermined delay after each
actuation period, microcontroller samples input port 22
for a low voltage signal. In the event that an undesired
operating condition is indicated, an operator readable
format is provided indicating the affected accessory.

This concludes the description of the preferred em-
bodiment. The reading of it by those skilled in the art
will bring to mind many alterations and modifications
without departing from the spirit and scope of the in-
vention. For example, the invention may be practiced to
advantage with any number of desired switching chan-
nels. Further, portions of the switching channels may be
grouped which are not concurrently on, and a separate
sensing circuit provided to each of those grouped
switching channels. Accordingly, it 1s intended that the
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scope of the invention be limited only by the following
claims.

I claim:

1. A switching module having a plurality of switch-
ing channels, each switching electrical power to a load
and deactuating the electrical power in the event that
the voltage drop across the load 1s below a preselected
level, said switching module comprising: |

controller means coupled to each of said channels for
providing a control signal to actuate the load and
for deactuating said control signal in response to a
low voltage indicator signal;

a switching transistor having a control electrode
coupled to said controller means, a first output
electrode coupled to a voltage reference, and a
second output electrode coupled to the load;

driver means in each of said switching channels cou-
pled between said controller means and said con-
trol electrode for providing a drive signal in re-
sponse to said control signal;

limiting means in each of said switching channels
- coupled between said control electrode and sad

driver means for limiting said drive signal to force
said switching transistor out of saturation when
said drive signal exceeds a predetermined value;
and |

level sensing means coupled to each of said second
output electrodes for providing said low voltage
indicator signal when the voltage drop across the
load is less than the preselected level.

2. The switching module recited in claim 1 wherein
said controller means samples for said low voltage indi-
cator signal a predetermined time after providing said
control signal. |

3. The switching module recited in claim 2 wherein
said switching transistor comprises a PNP transistor
and wherein said control electrode comprises a gate
electrode and wherein said first output electrode com-
prises an emitter electrode and wherein said second
output electrode comprises a collector electrode.

4. The switching module recited in claim 3 wherein
the load is connected in series between said collector
electrode and a voltage return.

5. The switching module recited in claim 4 wherein
said level sensing means comprises:

a resistive voltage divider coupled in parallel across

each of the loads; and

signal gain means coupled to said resistive voltage
divider for providing said low voltage indicator
signal.

6. The switching module recited in claim 5 wherein

~ said resistive voltage divider comprises: a first resistor

35

65

coupled in series between said collector electrode of
each of said switching transistors and a node; and a
second resistor coupled between said node and said
voltage return.

7. A switching module having a plurality of switch-
ing channels, each switching electrical power to a load
and deactuating the electrical power in the event that
the voltage drop across the load is below a preselected
level, said switching module comprising:

controller means having a separate output port cou-

pled to each of said channels for providing a con-
trol signal to actuate the load and for deactuating
saild control signal in response to a low voltage
indicator signal applied to an input port;
switching means in each of said switching channels
responsive to said control signal for switching elec-
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trical power to the load, said switching means com-
prising a switching transistor having a control elec-
trode coupled to said output port, a first output
electrode coupled to a voltage reference, and a
second output electrode coupled to the load;

driver means in each of said switching channels cou-

pled between said output port and said control
electrode for providing a drive signal in response

to said control signal;

limiting means in each of said switching channels
coupled between said control electrode and said
driver means for limiting said drive signal to force
sald switching transistor out of saturation at a pre-
determined output power of said switching transis-
tor; and

level sensing means coupled to each of said second

output electrodes for providing said low voltage
indicator signal when the voltage drop across the
load 1s less than the preselected level.

8. The switching module recited in claim 7 wherein
said controller means samples said input port for said
low voltage indicator signal a predetermined time after
providing said control signal.

9. The switching module recited 1n claim 8 wherein
said switching transistor comprises a PNP transistor
and wherein said control electrode comprises a gate
electrode and wherein said first output electrode com-
prises an emitter electrode and wherein said second
output electrode comprises a collector electrode.

10. The switching module recited in claim 9 wherein
the load i1s connected in series between said collector
electrode and a voltage return.

11. The switching module recited in claim 10 wherein
said level sensing means comprises:

a resistive voltage divider coupled in parallel across

each of the loads; and

signal gain means coupled to said resistive voltage

divider for providing said low voltage indicator
signal.

12. The switching module recited in claim 11 wherein
sald resistive voltage divider comprises: a first resistor
coupled 1n series between said collector electrode of
each of said switching transistors and a node; and a
second resistor coupled between said node and said
voltage return.

13. The switching module recited in claim 7 wherein
only one of said output ports is actuated at any one time.

14. The switching module recited in claim 7 wherein
sald controller includes means for self-testing said
switching module, comprising:
means for sequentially actuating each of the loads for

a predetermined time duration;

means for sampling said low voltage indicator signal

a predetermined time delay after each of the loads
has been actuated; and

means responsive to said sampling means for provid-

ing an indication of an undesirable operating condi-
tion.

15. A switching module having a plurality of switch-
ing channels, each switching electrical power to a load
and deactuating the electrical power in the event that
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the voltage drop across the load is below a preselected
level, said switching module comprising:

controller means having a separate output port cou-
pled to each of said channels for providing a con-
trol signal to actuate the load and for deactuating
said control signal in response to a low voltage
indicator signal applied to an input port, said con-
troller actuating only one of said output ports at
any one time;

a switching transistor having a control electrode
coupled to said output port, a first output electrode
coupled to a voltage reference, and a second output
electrode coupled to the load;

limited driver means in each of said switching chan-
nels coupled between said output port and said
control electrode for providing a drive signal in
response to said control signal and for limiting said
drive signal to force said switching transistor out of
saturation at a predetermined output power of said
switching transistor; and

level sensing means coupled to each of said second
output electrodes for providing said low voltage
indicator signal when the voltage drop across the
load is less than the preselected level.

16. The switching module recited in claim 15 wherein
sald controller means samples said input port for said
low voltage indicator signal a predetermined time after
providing said control signal.

17. The switching module recited in claim 16 wherein
said switching transistor comprises a PNP transistor
and wherein said control electrode comprises a gate
electrode and wherein said first output electrode com-
prises an emitter electrode and wherein said second
output electrode comprises a collector electrode.

18. The switching module recited in claim 17 wherein
the load is connected in series between said collector
electrode and a voltage return.

19. The switching module recited in claim 18 wherein
sald level sensing means comprises:

a resistive voltage divider coupled in parallel across

each of the loads; and

signal gain means coupled to said resistive voltage
divider for providing said low voltage indicator
signal.

20. The switching module recited in claim 19 wherein
saild resistive voltage divider comprises: a first resistor
coupled i1n series between said collector electrode of
each of said switching transistors and a node; and a
second resistor coupled between said node and said
voltage return.

21. The switching module recited in claim 20 wherein
sald limited driver means comprises:

a Darlington transistor having a base electrode cou-
pled to said output port, an emitter electrode cou-
pled to said voltage return, and a collector elec-
trode coupled to both said gate electrode and said
emitter electrode of said switching transistor;

a first resistor coupled between said collector elec-
trode of said Darlington transistor and said gate
electrode of said switching transistor; and

a second resistor coupled between said emitter elec-
trode and said gate electrode of said switching

transistor.
* * * ¥ e
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